The aim of this study was to investigate changes in oxygen saturation (Sp02) occurring during the three days following hip surgery in patients in this hospital and to determine to what extent Sp02 might be improved by oxygen therapy for 24 or 72 hours.
Thirty years ago Nunn and Payne 1 observed that postoperative hypoxaemia was common and followed even the most trivial surgical procedures under general anaesthesia. In that study oxyhaemoglobin saturation was determined intermittently in arterial blood samples but the later development of non-invasive oximeters permitted frequent measurements of oxyhaemoglobin saturation(Sp02) over lengthy periods. Using continuous ear oximetry, Catley et al 2 found a high frequency of episodes of oxygen desaturation (Sp02 < 80070) in patients receiving morphine for analgesia after cholecystectomy or total hip replacement. These occurred only while the patients were asleep and all were associated with disturbances in ventilatory pattern.
Martin 3 reported that after internal fixation of fracture of the femoral neck, arterial oxygen tension (Pa0 2 ) was reduced (even when corrected for age) ana remained low for up to five days. The severity and duration of desaturation in these patients led the author to state " ... particular attention should be paid' to their oxygenation at all times, as otherwise their myocardial and cerebral oxygenation may be inadequate" 3. He also suggested that oxygen should be administered for at least five days postoperatively to all patients who had undergone surgery for a fractured neck of femur 3 • Supplementary O 2 is useful in preventing early desaturation seen immediately after anaesthesia', but it may not be fully effective in combating "late hypoxaemia", occurring in the days following surgerys. Oxygen administration may reduce the degree of hypoxaemia but may itself cause problems 6 ,7 and there may be poor compliance by the patient and nurses with the order for oxygen administration 8 • Comparison of P a0 2 on days 1, 3 and 5 in patients randomly allocated to breathe air or oxygen-enriched air after surgery for fractured neck of femur revealed significantly higher P a 0 2 in the patients receiving 0 2 9 • As a result of this observation routine administration of supplementary O 2 by nasal cannulae for five days after hip surgery was again recommended 9 • However, Rosenberg and coll~agues 10 have since studied the effect of oxygen administration on Sp02 during the second night after total hip replacement and observed that although there was an increase in mean Sp02 there was no reduction in the incidence of hypoxaemic episodes 10. Despite these findings supplementary oxygen administration after hip surgery was not routine at our hospital. Some surgeons and anaesthetists thought that since the earlier studies, resuscitation and fluid management had improved so that prolonged postoperative hypoxaemia was now less likely, and that by identifying patients who were hypoxaemic on air in the recovery room, oxygen therapy could be better directed. In view of this we decided to assess the effect of the pattern of prescription of oxygen therapy and response to it following major orthopaedic surgery using a system in which Sp02 data could be automatically captured by computer and which was designed to record continuously for long periods 11. The study was undertaken with three aims: 1. to identify the occurrence and severity of desaturation seen during the first 72 hours after hip surgery; 2. to identify factors associated with desaturation; and 3. to assess the effect of continuous oxygen administration by nasal cannulae for one day after surgery.
MATERIALS AND METHODS
The protocol was approved by the hospital Ethics Committee and all patients gave written informed consent. Exclusion criteria included inability to understand the study, documented acute or chronic brain syndrome, dementia or significant arterial disease of the lower limbs (as the great toe was to be used for oximeter placement).
Eighty-three patients scheduled for elective total hip replacement (n = 59) or emergency repair of fractured neck of femur (n=24) were studied. In all patients a single measurement of Sp02 was taken while breathing air before discharge from the recovery room, and, as is the custom at this hospital, if Sp02 was less than 900/0, supplementary oxygen (2 l.min-I by nasal cannulae) was prescribed for 24 hours. Some other patients were prescribed oxygen by the attending anaesthetist or surgeon because of the general appearance of the patient or other medical conditions. Thus, the patient group was split into two sub-groups ( Figure 1 ). The first sub-group consisted of the 44 patients who had been prescribed oxygen for 24 hours; these patients were randomized to either continue oxygen therapy for an additional 48 hours (Group 1: 20 patients) or to cease oxygen therapy (Group 2: 24 patients) after the prescribed period had finished. The second sub-group consisted of 39 patients who had not been prescribed When the patients returned to the ward following surgery, Sp02 was continually measured with a Nellcor N-200 pulse oximeter using a Nellcor D-25 Adult Digit Oxygen transducer which was placed on the great toe of the non-operated leg. The pulse oximeter was interfaced with a portable computer for data storage; Sp02, heart rate, pulse amplitude and time being logged every 10 seconds ". This system has shown itself to be robust in clinical use. Artefactual desaturations which may arise during patient movement were identified by their non-physiological rate of change (> 10% drop in Sp02 in 10 sec) or association with fluctuating pulse amplitude and were excluded from analysis 12. The equipment was kept in a small locked trolley at the patient's bedside and the monitoring was continued for 72 hours postoperatively. The probe was changed from one toe to another on the same foot every 24 hours. The Sp02 data could not be accessed by attending staff and was not reviewed by the investigators until after the third day.
Patients were visited by investigators at least twice a day and, where appropriate, the need to ensure the nasal cannulae were kept in place was stressed. Ward nursing staff encouraged patients to comply with the oxygen therapy ordered.
As one of our aims was to evaluate the adequacy of current practice, the study was designed to interfere as little as possible with normal patient care. Patients were kept flat in bed for the first 48 hours and then sat up on the third day. Premedication, type of anaesthesia, postoperative analgesia and fluid therapy were left to the discretion of the attending anaesthetist or surgeon.
As an index of desaturation, for each patient on each day, we determined the proportion of valid Sp02 readings below 90%. Data for any day with less than 12 hours of Sp02 readings were rejected. Friedman's test was used to examine trends over time within patients, days being compared pairwise by Wilcoxon signed tank tests following a significant (P < 0.05) result. Hypotheses involving between-group comparisons were tested by Mann-Whitney U tests and associations were examined by multiple regression analysis.
RESULTS
Demographic details of the study patients are shown in Table 1 . Patients who had oxygen prescribed (Groups 1 and 2) were on average slightly older than patients who did not have oxygen prescribed (Groups 3 and 4), age presumably being a factor which influenced the prescription of oxygen.
Number of patients Age -Mean -Range

Sex -Male -Female
Anaesthetic-General -Regional
Operation -Elective -Emergency Two patients were prescribed oxygen on Day 1 after they had been randomized to Group 4; data for these patients were excluded from analyses. Four patients each had fewer than 12 hours of valid Sp02 readings on one day; data for these days were not used in analyses. Episodes of desaturation (Sp02 < 90070) were seen in most patients not receiving oxygen and were more common during the night. Figure 2 shows the extent of desaturation for the four groups over three days postoperatively. Oxygen therapy significantly improved saturation and there was no significant difference over the three days for Groups 1 and 3, although a few patients in these groups spent a considerable proportion of the time on Day 3 with Sp02 less than 90070. A number of patients in Groups 1 and 3 were observed not to be wearing the nasal cannulae all the time, especially on Days 2 and 3. Where this was observed, patients were encouraged to use the cannulae continuously, but one patient refused to use them at all on Day 3 due to nasal irritation. Groups 2 and 4 (P> 0.5). Examination of individual Sp02 traces in Group 2 showed two patients with low saturation for approximately one to two hours following cessation of oxygen. The Sp02 time-trace for one of these patients is shown in Figure 3 . For the first two postoperative days males were significantly more desaturated than females when they did not receive oxygen (Group2 on Day 2 and Group 4 on Days 1 and 2). However, there was no significant difference between the sexes on Day 3. There was a trend for older patients to have lower saturations but this was not statistically significant (P=O.l). No significant correlation was found between desaturation and weight, smoking history, type and duration of anaesthesia, type of operation and different methods of postoperative analgesia. However, because there was only a total of 12 smokers and a wide variety of analgesic techniques was used, power to detect such effects was low.
While our analyses were based on per cent of time during which Sp02 was below 90%, cumulative saturation profiles showed a similar pattern over most of the range of Sp02 (Figure 4 ).
DISCUSSION
Results of this study show that following hip surgery' hypoxaemia (Sp02 < 90070) is common during the first 48 hours unless supplementary oxygen is prescribed. The recommendation that oxygen therapy be continued for several days after hip surgery3 is still valid. Administration of oxygen by nasal cannulae for 72 hours after surgery improved saturation but it was not well tolerated by patients, leading to poor patient compliance on Day 3 which was associated with desaturation. One patient refused to use the nasal cannulae at all on Day 3 as they caused nasal irritation and epistaxis. For these reasons we do not believe routine prolonged administration of oxygen by nasal cannulae is a fully satisfactory solution to the problem of postoperative hypoxaemia. We chose this method because of reports 13 ,14 and accumulated clinical experience at this hospital that nasal cannulae were well tolerated by patients over a 24 hour period. Indeed, in a recent study8 in which 20 patients for whom oxygen by Hudson mask had been prescribed for the first postoperative night, the mask was continuously correctly positioned in only one patient! In another study 35070 of patients receiving oxygen on the second night after operation failed to keep their masks on, often resulting in periods of severe hypoxaemia 15 • It has also recently been reported that nasal cannulae are more likely to remain in position and maintain an adequate oxygen saturation in most patients than are Anaesthesia and Intensive Care, Vo/. 22, No. 6, December, 1994 facemasks 16 • An editoriaP7 has recently highlighted the shortcomings of current methods for oxygen delivery during the postoperative period and the need for improvement.
In the patients not receiving O 2 therapy, males had poorer saturation than females. The difference could not be ascribed to age, type of surgery or type of anaesthesia. A strong male predominance for nocturnal oxygen desaturation and sleep apnoea has been described 18 and it is tempting to explain our observations in this way. However, we recorded only Sp02 and not respiratory pattern.
Results of our study suggest that oxygen therapy following hip surgery could be improved by titration to achieve a target Sp02' Therapy may need to be continued for three days following surgery.
